The impact of conventional cooking and processing methods on total phenols, 22 antioxidant activity, carotenoids and glucosinolates of watercress was evaluated. 23
Introduction 34
Watercress (Nasturtium officinale) belongs to the family of Brassicaceae 35 together with broccoli, cabbage, mustard and Brussels sprouts. Epidemiological 36 studies associate a higher intake of Brassica vegetables, such as watercress, with 37 a reduced risk of various types of cancers (Verhoeven, Goldbohm, vanPoppel, 38 Verhagen & vandenBrandt, 1996) . Watercress is an exceptional source of natural, 39 bioactive compounds for which research has highlighted a favourable role in anti-40 genotoxic and anti-cancer processes both in vivo and in vitro (Boyd, McCann, While watercress is widely consumed raw in salads, it is becoming 64 increasingly popular in cooked foods such as soups, smoothies and also wilted in 65 pasta and meat dishes. Annual retail sales of watercress in the United Kingdom 66 amounted to 40 million pounds in 2015. Sales of food products with cooked or 67 processed watercress as the main ingredient have taken off the last few years, 68 samples were shaken for 15 min at 8000 rpm. Following centrifugation at 4000 139 rpm for 5 min, the supernatant was transferred to a clean tube and the process 140 was repeated (4 ml acetone for the second time and 2 ml the third time) until a 141 colourless supernatant was obtained. The combined supernatants were 142 transferred in fresh tubes and the final volume was adjusted to 10 ml with 100% 143 acetone. 144
Determination of total phenolics

145
Total phenols were measured using the method developed by Singleton and 146
Rossi (Singleton & Rossi, 1965 ) with slight modifications. Briefly, 0.2 ml of the 147
MeOH watercress extract (Section 2.4) or blank was added to 6.0 ml of distilled 148 water in volumetric flasks and mixed with 0.5 ml of Folin -Ciocalteu reagent. A 149 sodium carbonate solution 20% (v/v) (1.5 ml) was added to the mixture and the 150 volume was adjusted to 10 ml. Absorbance was read after incubation of the 151 samples for two hours at room temperature, at 760 nm using a UV-Vis 152
Spectrophotometer (UV-VIS, Perkin Elmers, UK). A standard curve was made 153 using gallic acid in the following concentrations: 0, 50, 100, 150, 250, 500, 750 154 &1000 mg/L and total phenols were measured as gallic acid equivalents (R 2 > 155 0.99). 156
FRAP (Ferric Reducing Antioxidant Power) assay
157
Antioxidant activity of the samples was determined using the FRAP assay based 158 on an adapted version of the method developed by Benzie and Strain (Benzie & 159 Strain, 1996) . The FRAP reagent was made by mixing 25 ml of 300 mM acetate 160 buffer (pH 3.6), 2.5 ml 10 mM 2,4,6-tripyridyl-s-triazine solution (TPTZ) and 2.5 ml 161 of freshly prepared ferric chloride hexahydrate (FeCl3·6H2O). A standard curve 162 was made using L-Ascorbic acid in the following concentrations: 0, 10, 50, 100, 163 250, 500, 750, 1000 μmol/L (R 2 > 0.99). Each MeOH extract (Section 2.4) or 164 standard (10 μl) was combined with 300 μl of the FRAP reagent and 100 μl of the 165 mixture was transferred in duplicate in a 96-well plate. Absorbance was measured 166 immediately using a plate reader (Tecan GENios, Geneva, Switzerland) at 595 167 nm. 168
Total carotenoids
169
An aliquot of the acetone extracts prepared as previously described (Section 2.4) 170 was used to quantify the total carotenoid content of the samples 171 spectrophotometrically. Absorbance was measured at 470, 645 and 662 nm in a 172 spectrophotometer (UV-VIS, Perkin Elmers, UK 
Quantification of carotenoids via HPLC
185
To determine the amount of lutein, zeaxanthin and β-carotene present, the 186 acetone extracts were used (Section 2.4). Carotenoids were quantified using the 187 method developed by Guiffrida et al. (Giuffrida, 
Identification and quantification of glucosinolates and flavonols via LC-
207
MS/MS
208
Methanol extracts, prepared as described above, were used for the quantification 209 of glucosinolates and flavonols in the samples (Section 2.4.1). 1ml of each extract 210 was filtered using a 0.22 μm syringe driven filter unit (Millex; EMD Millipore, 211
Billerica, MA, USA) and then diluted using 9ml LC-MS grade water. For the 212 quantification of glucosinolates and flavonols, external calibration curves of 12 mM 213 sinigrin hydrate and isorhamnetin standards were prepared using the following 214 concentrations (56 ng.μl -1 , 42 ng.μl -1 , 28 ng.μl -1 , 14 ng.μl -1 , 5.6 ng.μl -1 , R 2 > 0.99). 215
Glucosinolates and flavonols were analysed by LC-MS/MS using an Agilent 1200 216 LC system coupled to an Agilent 1100 series LC/MSD mass trap spectrometer. 217
Separation conditions of samples and MS analysis settings used are identical to 218 those described by Bell, et al. (2015) . Glucosinolates were quantified at 229 nm 219 and flavonols at 330 nm. The identification was performed using the compounds 220 nominal mass and the analysis of their fragmentation patterns, and also by the 221 comparison with previously published data. All data were analysed using Agilent 222
ChemStation. 223
Statistical Analysis
224
The results are presented as the mean of three biological replicates (n = 3) for 225 each sample. One-way ANOVA and Dunnett's multiple comparisons test were 226 used for comparison of all treatments related to the raw watercress. These 227 analyses were carried out using GraphPad Prism version 5.0a for Mac OS 228 ranged from 49% to 71% in the samples boiled for 2 and 10 minutes respectively. 247
Microwaving and steaming for up to 5 minutes did not significantly affect the 248 phenolic content of watercress (P>0.05). Likewise, blending with water to make a 249 watercress smoothie and chopping did not have a significant effect on the total 250 phenolic content in the watercress. However, storage of the smoothies and the 251 chopped watercress samples for 120 minutes at room temperature resulted in a 252 significant reduction of the phenolics from 13.65 ± 1.56 to 10.76 ± 1.15 mg GAE g -253 1 DW and from 10.55 ± 1.48 to 8.65 ± 2.29 mg GAE g -1 DW respectively (Figure 254 The losses during boiling can be attributed to water-soluble compounds leaching 265 into the water used for boiling or due to breakdown of these compounds during 266 thermal processing. Indeed, analysis of the water used in the boiling experiments 267 (9.35 ± 0.12 mg GAE g -1 DW) for total phenolics revealed that phenols had 268 
Carotenoid content
295
In contrast to the previous assays, boiling of watercress resulted in an increased 296 concentration of total measurable carotenoids, from 2.35 ± 0.22 mg g -1 DW in the 297 fresh samples to 3.13 ± 0.20 mg g -1 DW after 2 minutes of cooking and up to 3.28 298 ± 0.30 mg g -1 DW after 5 minutes of boiling (Table 1) . Microwaving and steaming 299 did not have a significant impact on the level of total carotenoids (P>0.05). On the 300 other hand, the watercress smoothie had significantly lower total carotenoid 301 content, with the levels decreasing from 1.54 ± 0.21 to 1.11± 0.08 mg g -1 DW after 302 60 minutes of storage at ambient temperature. A similar decreasing trend was 303 observed in the chopped watercress samples. 304
The individual carotenoids identified and quantified in our watercress samples 305 were β-carotene, lutein and zeaxanthin and they all resulted in distinct responses 306 upon domestic processing. β-carotene was the most abundant of the three 307 quantified carotenoids (0.95 ± 0.08 mg g -1 DW) and its levels significantly 308 increased after thermal treatment of the watercress samples. Boiling for 5 minutes 309 resulted in β-carotene being significantly increased up to 1.75 ± 0.09 mg g -1 DW 310 as compared to the raw samples (P<0.001). In the microwaved watercress 311 samples β-carotene was increased up to 1.48 ± 0.26 mg g -1 DW (P<0.01) and in 312 the samples steamed for 15 minutes levels went up to 1.54 ± 0.07 mg g -1 DW 313 (P<0.001). β-carotene was decreased in the watercress smoothie only after 314 storage for 30 and 60 and 120 minutes (P<0.01) therefore, immediate 315 consumption of a watercress smoothie ensures sufficient intake of β-carotene. No 316 significant differences were found in the chopped samples. 317
Lutein content of fresh watercress samples was 0.24 ± 0.02 mg g -1 DW and it 318 exhibited the highest degree of stability after watercress processing. It was 319 significantly increased only after 5 minutes of boiling going up to 0.36 ± 0.02 mg g -320 1 DW (P<0.05). Significant decreases in lutein were only observed in the smoothie 321 after 120 minutes of storage (P<0.05). Zeaxanthin concentration in fresh 322 watercress was notably lower than β-carotene and lutein (0.02 ± 0.00 mg g -1 DW). 323
It was dramatically affected by boiling with increases higher than 6 and 3 times, as 324 compared to fresh watercress, after boiling for 5 minutes and steaming for 10 325 minutes respectively. 
Glucosinolate identification and quantification
336
Gluconasturtiin was the most abundant glucosinolate in fresh and cooked 337 watercress samples followed by the indole glucosinolates: glucobrassicin, 4-338 methoxyglucobrassicin, 4-hydroxyglucobrassicin and the aliphatic glucosinolate 339 glucoibarin (Table 3 ). The profile characterised here is similar to that previously 340 Homogenisation by blending watercress with water to create a smoothie resulted 386 in dramatic reductions in glucosinolates stemming mainly from the complete loss 387 of gluconasturtiin (P<0.001). Upon chopping losses ranged from 35% to 46% after 388 120 minutes of storage at room temperature. Chopping of vegetables before 389 consumption is a regular practise and this can lead to decreased glucosinolate 390 content since they are exposed to myrosinase for conversion to isothiocyanates. temperature. This suggests that smoothies or juices made from watercress, which 407 is rich in PEITC, should be freshly consumed after preparation to ensure adequate 408 ingestion. 409
Antioxidant activity
410
The antioxidant activity of all watercress samples was determined using the FRAP 411 assay ( Figure 1B 4-HGB, 4-hydroxyglucobrassicin; KSG, K 3-(sinp-Glc)-4'Glc; KSTG, K 3-(sinp-602 triGlc)-7-Glc; QDGCG, QCSG, Q 3-(caf-Glc)-3'-(sinp-Glc)-4'-Glc; KDG, K 3-diGlc-603 7-Glc; IG, I 3-Glc; KFTG, K 3-(fer-triGlc)-7 Glc; QCG+KDG Q 3,4'diGlc-3'-(p.coum-604 Glc) + K 3,4'-diGlc. 605 Table 1 Concentration of individual and average total flavonols in raw and 606 processed watercress samples. Data is presented in mg g -1 of DW (mean ± SD). 607
Experiment was performed with three biological replicates per group. Significance: 608 * , P < 0.05; ** , P < 0.01; *** P < 0.001 as compared to flavonoid content of raw 609 watercress. Abbreviations: K, kaempferol; I, isorhamnetin; Q, quercetin; Glc; 610 glucoside, fer, feroloyl; sinp, sinapoyl; p.coum, p-coumaroyl; caf, caffeoyl. 611 a Flavonols co-elute. 612 613 Table 2 . Quantification of total and specific carotenoids, in raw and processed 614 watercress samples. Data is presented as absolute carotenoid concentration in 615 mg g -1 of DW (mean ± SD). Experiment was performed with three biological 616 relicates per group. Significance: * , P < 0.05; ** , P < 0.01; *** P < 0.001 as 617 compared to carotenoid content of raw watercress. a Total amount of carotenoids 618 measured spectrophotometrically. 619 Table 3 Concentration of individual and average total glucosinolates in raw and 620 processed watercress samples. Data is presented in mg g -1 of DW (mean ± SD). 621
Experiment was performed with three biological replicates per group. Significance: 622 * , P < 0.05; ** , P < 0.01; *** , P < 0.001 as compared to carotenoid content of raw 623 watercress. 624 625 626
